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METHOD FOR THE DETERMINATION OF
THE 3D COORDINATES OF AN OBJECT

BACKGROUND OF THE

INVENTION

The mvention relates to a method for the determination of
the 3D coordinates of an object

EP 553 266 B1 discloses a method for the determination of
the 3D coordinates of an object which includes a scanner by
which the object can be scanned. The 3D coordinates are
determined in the scanner reference system by the scanner. A
tracking system 1s furthermore present which can determine
the position and direction of the scanner. The 3D coordinates
of the object 1n the absolute reference system can be deter-
mined and recorded by a computer from the 3D coordinates in
the scanner reference system and from the data of the position
and direction of the scanner 1n the absolute reference system.
The scanner can, however, be adapted such that 1t 1s movable
independently with reference to the tracking system and to
the object.

A method 1s known from U.S. Pat. No. 5,805,789 {for
determining the 3D coordinates of an object 1n which refer-
ence probes are fastened to an object. Absolute 3D coordi-
nates are determined using a photogrammetric method.

DE 198 40 334 Al discloses an apparatus for use as a
navigation block in the measurement of objects using an
optical three-dimensional coordinate measurement tech-
nique. The navigation block includes a component with a
lattice structure to which a plurality of measurement marks
are attached. A fastening apparatus for fastening to the object
1s attached to the side of the navigation block remote from the
component.

WO 01/884°71 Al discloses a method for determining the
3D shape of an object 1n which the object 1s associated with a
reference body which has reference objects. The object and
the reference body are scanned by an optoelectronic sensor
from whose measured signals the 3D coordinates of the sur-
face points are calculated.

A method 1s known from EP 1 724 549 A2 for determining,
the 3D coordinates of an object 1n which the 3D coordinates
ol a part surface of the object are determined by a 3D mea-
suring device whose position 1s determined by a tracking
system. The 3D coordinates of a partially overlapping adja-
cent part surface of the object are subsequently determined.
The 3D coordinates of the overlap region are assembled by a
matching process.

EP 2 034 269 Al discloses a method for three-dimensional
digitizing of objects using a 3D sensor which includes a
projector and one or more cameras. A pattern which 1s
detected by the cameras 1s projected onto the object by the
projector.

SUMMARY OF THE INVENTION

It 1s the object of the mvention to provide an improved
method for the determination of the 3D coordinates of an
object.

This object 1s achieved 1n accordance with the invention by
the features herein. A plurality of shots are taken of the object
which 1s surrounded by a plurality of reference probes with
encoded reference marks. These shots are taken such that 1n
cach case a part of the object and a part of a reference probe
are included on them.

The method 1n accordance with the invention can be car-
ried out on the basis of all known processes for the determi-
nation of the 3D coordinates of an object. Optical processes
are particularly suited. An optical 3D sensor can be used for
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2

the carrying out of these optical processes. The optical 3D
sensor can include a camera which can include an optical
system and/or an areal sensor, 1n particular a CCD sensor. The
3D sensor can furthermore include one or more light sources.

It 1s advantageous 11 the position of the 3D sensor can be
determined, in particular by a tracking system. It1s possible in
this manner that the 3D sensor can determine the relative 3D
coordinates of the object in the reference system of the 3D
sensor and that the absolute 3D coordinates of the object can
be determined from these and from the absolute coordinates
of the 3D sensor. Examples for this are described in EP 0 553

266 B1, EP 1 724 549 A2 and EP 2 034 269 Al, to which

reference 1s made.

The optical 3D sensor can include a strip projection sys-
tem, 1n particular a white light strip projection system. A strip
pattern 1s projected onto the object by such a 3D sensor. The
object 1s furthermore photographed. The photographs are
evaluated. The photographs and the evaluations can be dis-
played and/or saved.

In the determination of the 3D coordinates, which can also
be called 3D digitizing or measurement of the object, using a
white light strip projection system and also using other sys-
tems, 1t 1s necessary to move the 3D sensor into different
taking positions 1n space when the object to be measured 1s
larger than the measurement field of the 3D sensor. The 1ndi-
vidual shots of the object have to be subsequently assembled.
It 1s necessary for this purpose to register the individual shots
in a higher-ranking coordinate system. The higher-ranking
coordinate system 1s preferably an absolute coordinate sys-
tem, for example the coordinate system of the space in which
the object 1s located and 1n which the measurement of the
object takes place. This so-called global registration requires
a high precision.

In the case of white light strip projection, the assembly of
the individual shots takes place 1 a high-ranking coordinate
system, typically with the aid of photogrammetry, with ref-
erence marks having to be applied to the object or to a refer-
ence probe which 1s associated with the object. The marks
must be measured separately with photogrammetric equip-
ment. The process of photogrammetry provides a high preci-
s10n, but has the disadvantage that an additional effort and/or
expense 1s required for the preparation of the object with
reference marks and for their separate measurement. It 1s
furthermore necessary to manufacture reference probes
adapted to the object to be measured onto which reference
marks are applied which have to be measured photogram-
metrically. The probes adapted to the object to be measured
must be attached as closely as possible to and about the
object. These probes, which can also be called full probes,
admittedly allow the measurement of the object with high
precision, but have the following disadvantages:

The construction of the full probes 1s orientated with
respect to their size and design to the objects to be
measured so that the full probes are expensive and awk-
ward to handle with large measurement objects;

A separate probe has to be manufactured and photogram-
metrically calibrated for each measurement object so
that these probes represent a considerable cost factor 1n
a plurality of different measurement objects;

the demands on the stability of the full probe are very high;
it has to be configured mechanically 1n a very stable
manner as a whole, which increases the weight and
COStS;

when the object type to be measured changes, the complete
measurement assembly, including the awkward full
probe, has to be converted;
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the regular photogrammetric calibration of a full probe for
the ensuring and monitoring of 1ts precision 1s very
complex and/or expensive due to size and weight

aspects.

These disadvantages are avoided by the use of a plurality of
reference probes which can also be called reference probe
modules. A much simpler, less expensive and more variable
measurement assembly 1s made possible by the use of a
plurality of reference probes, said measurement assembly
nevertheless ensuring a high precision of the measurement
results.

The reference probes do not have to be fastened to the
object. It 1s possible to arrange the reference probes at a
spacing from the object.

The reference marks can be coded per se. It 1s, however,
also possible, to use reference marks which are not coded per
se, but which 1nclude a coding due to their relative arrange-
ment to one another. With reference marks coded per se, 1t 1s
suificient to photograph this reference mark. Such a high
number of measurement marks which are not coded per se
must be 1included 1n a shot that the coding can be decoded
from the relative position of these measurement marks with
respect to one another.

The shots of the object can overlap. The object can be
measured sectionally.

The part of the reference probe which 1s included on the
shot preferably includes at least one coded reference mark.
Such a part of a reference probe 1s preferably taken from
which the position and/or the orientation of the reference
probe can be determined.

It 1s furthermore advantageous if the reference probes are
calibrated. This preferably takes place 1n that the position of
all reference marks on the reference probe 1s determined 1n
advance. The data of the positions of all reference marks with
respect to the respective reference probe are preferably saved.

Advantageous further developments are described in the
dependent claims.

It 1s advantageous 11 some or all of the reference probes are
longer than the measurement field of the 3D sensor. The
reference probes are therefore longer than the size of the
region of the object taken on a shot. Advantages hereby result
with large objects, that 1s, with objects for whose measure-
ment a plurality of shots are required.

Some or all reference probes can be bar-shaped.

It 1s advantageous 11 shots which include a part, 1n particu-
lar an end, of a reference probe, include a part, in particular an
end, of a further reference probe. This 1s 1n particular advan-
tageous when the reference probes are bar-shaped. The fur-
ther reference probe can be adjacent to the first reference
probe. It 1s possible to interlink the reference probes with one
another by the detection of reference probes. It 1s advanta-
geous for this purpose if a respective part of both reference
probes 1s photographed which includes at least one reference
mark and/or a part {from which the position and/or orientation
ol the respective reference probe and/or its reference marks
can be determined.

The reference marks can b automatically decoded. It 1s,
however, also possible to decode the reference marks manu-
ally. The reference marks can be associated by the decoding
with a specific reference probe which can be 1dentified by 1t.

Some or all shots can be linked with one another by a 3D
matching process to increase the precision further.

It 1s advantageous 11 coded reference marks are also pro-
vided on the rear sides of some or all of the reference probes.
The rear side of the object can then also be measured with the
same measuring assembly.
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4

A further advantageous further development 1s character-
1zed 1n that the positions of the reference marks are detected
and stored 1n a first measurement run. The first measurement
run can be carried out without measuring the object. It 1s,
however, also possible also to measure an object 1n this first
measurement run. The detected positions of the reference
marks can be transformed into the higher-ranking coordinate
system. The detected and/or transformed positions can be
saved.

It 1s advantageous 1f further measurement runs are carried
out on the basis of stored positions of the reference marks.
This 1s 1n particular advantageous when the positions of the
reference marks are detected 1n a first measurement run and
are optionally transformed and saved. Measurement time can
be saved by the use of the stored positions of the reference
marks.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will be explained 1n detail
in the following with reference to the enclosed drawing.
There are shown 1n the drawing,

FIG. 1 a measurement assembly with an object to be mea-
sured and a plurality of reference probes 1n a schematic view
from the front;

FIG. 2 the measurement assembly in accordance with FIG.
1 1n a view from behind;

FIG. 3 the measurement assembly in accordance with FIG.
1 in a modified representation; and

FIG. 4 different types of reference marks.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The measurement assembly shown in FIG. 1 serves to
determine the 3D coordinates of the front side of an object 1,
namely of a motor vehicle door (body shell door). The object
1 1s surrounded by five reference probes 2, 3, 4, 5, 6. Each
reference probe 2-6 has reference marks, namely reference
marks 7 which are coded per se and reference marks 8 which
are not coded per se, but which are arranged relative to one
another 1n space such that this spatial arrangement includes a
coding.

The reference probes 2-6 are bar-shaped.

A 3D sensor 9 1s present to take photographs of the object
and 1ncludes a white light strip projection system and a cam-
cra with an optical system and a CCD sensor. An apparatus,
namely a tracking system, 1s furthermore provided with
which the position and orientation of the 3D sensor 9 can be
determined 1n a higher-ranking coordinate system (not shown
in the drawing). The absolute coordinates of the object 1 and
of the reference probes 2-6 can be determined in this manner.

The reference probes 2-6 have been measured. The result
of this measurement 1s stored in a control system which can
include a computer, 1n particular a PC (not shown in the
drawing). The result of the measurement of the reference
probes 2-6 includes a clear association of the respective ref-
erence marks 7, 8 with a specific reference probe 2-6, which
can be 1dentified 1n this manner, and the position coordinates
of the respective reference marks 7, 8 on the respective ret-
erence probe 2-6.

The reference probes 2-6 are not fastened to the object 1.
They are arranged 1n the proximity of the object 1, and indeed
in a manner such that they surround the object 1, as shown 1n
FIG. 1. For this purpose, reference objects with different
lengths can be provided, namely reference objects 2, 3, 6
which are longer than the length 1 of the measurement field of
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the 3D sensor and short reference marks 4, 5 which are shorter
than the length 1. The reference probes 2, 3, 6 are therefore
longer than the size 1 of the region of the object 2 taken 1n a
shot.

The reference probes 2-6 are located 1n a position not
exactly calibrated. They surround the object 1, but do not
iitially have to be positioned at exactly predetermined

points.

A plurality of shots of the object 1 are taken by the 3D
sensor 9. This 1s shown 1n FIG. 3 where the measurement
fields ofthe shots 10, 11,12, 13, 14 taken after one another are
shown. Each of the shots 10-14 includes a part of the object 1
and a part of a reference probe 2-6. All the shots 10-14 include
a part including an end of a first reference probe and a part
including an end of a further reference probe. The shot 10
includes a part, namely an end, of the reference probe 2 and a
part, namely an end, of the reference probe 3. The shot 11
includes parts or ends of the reference probes 3 and 4. The
shot 12 includes parts or ends of the reference probes 4 and 5.
The shot 13 includes parts or ends of the reference probes 3
and 6. The shot 14 includes parts or ends of the reference
probes 6 and 2. It 1s, however, also possible that shots only
include a part of only one reference probe (not shown 1n the
drawing).

The shots overlap 1n part. The shots 10 and 11 overlap, as
do the shots 13 and 14. Shot 12 does not overlap with further
shots. Mutually overlapping shots can be interlinked with one
another. If shots do not overlap, the 3D coordinates of the
regions between the shots are not determined. These regions
can be regions not of interest.

Each shot includes reterence marks 7, 8. The association of
the size of the shots and of the distribution of the reference
marks 7, 8 1s such that in each shot 10-14 of each reference
probe 2-6 their position and orientation can be determined.
Shot 10, for example, includes a reference mark 7 coded per
se and four reference marks 8 not coded per se, wherein,
however, these reference marks 8 not coded per se can be
decoded by the location of their positions. In the same way,
shot 10 1ncludes a reference mark 7 coded per se and two
reference marks 8 of the reference probe 2 not coded per se.
The same applies accordingly to the remaiming shots 11 to 14
and to the remaining reference probes 4 to 6.

In a first measurement run, the positions of the reference
marks 7, 8 are detected and saved. The 3D coordinates of the
object 1 can also be determined during this first measurement
run.

If further objects should subsequently be measured, the
stored positions of the reference marks 7, 8 can be used for
this purpose. It 1s therefore possible to remove the object 1,
with the location of the reference probes 2-6 to one another
and thus also the location of the reference marks 7, 8 not being
changed. Subsequently, a further, similar measurement object
1s positioned 1n a similar manner within the reference probes
2-6. This further object can then be measured. This further
measurement run and still further measurement runs can be
carried out on the basis of the stored positions of reference
marks 7, 8. Since the stored positions of the reference marks
7, 8 are used, the measurement time can be shortened.

Ascan be seen from FIG. 2, coded reference marks are also
provided on the rear sides of the reference probes 2-6, namely
reference marks 7' coded per se and reference marks 8' not
coded per se which are coded by their spatial locations rela-
tive to one another. It 1s possible 1n this way also to measure
the rear side of the object 1 using the same measurement
assembly. The described first-time measurement run of the
front sides of the reference probes 2-6 1s 1n particular also
suificient for the complete detection and saving of the refer-
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6

ence marks 7', 8' on the rear sides of the reference probes 2-6.
For this purpose, the reference marks 7', 8' on the rear sides of
the reference probes 2-6 were also measured in advance, and
indeed both with respect to their positions toward one another
and with respect to their positions with respect to the refer-
ence marks 7, 8 on the front side of the respective reference
probe 2-6.

FI1G. 4 shows different embodiments of reference marks 7,
7' coded per se. Each reference mark includes an unchanged
non-coding elements and coding elements. The non-coding
clement can comprise a circle 15 or a square 16 or a rectangle.
This element determines the position of the respective refer-
ence mark. The coding elements can comprise a circular
barcode 17, a dot pattern 18 of round or square dots, segment
sections 19 or a pattern of dots 20 and lines 21. The coding
parts enable an identification of the respective reference
mark.

In accordance with the invention, a plurality of reference
probes are used which can be flexibly combined and which
are arranged 1n front of the measurement around the object to
be measured. During the measurement of the object and pos-
sibly of further objects, the reference probes are then no
longer changed in their locations. A plurality of different
measurement objects can be measured with a set of reference
probes.

Coded reference marks are applied to the reference probes.
They can be photogrammetric marks which are coded per se
and photogrammetric marks which are not coded per se, but
by their locations relative to one another. The reference marks
on the reference probes are calibrated, for example with the
help of photogrammetry. An exact 3D point list, stable per se,
1s present for each reference probe 1n this manner. The pho-
togrammetric calibration of each individual reference probe
1s only necessary once. The point list measured once 1s saved.

The object can be measured sectionally using the 3D sen-
sor, with both a part of the object and a part of the reference
marks on one or more reference probes being detected in
every single shot of the 3D sensor. The reference probes are
designed at least partly 1n their lengths so that they are much
larger than the measurement field of the 3D sensor so that a
plurality of shots of the 3D sensor next to one another can be
linked via a reference probe and thus a high precision 1s also
achieved in the linking of a plurality of measurement fields.

The 1dentification of the individual reference probes takes
place 1n a self-actuating (automatic) manner or manually in
the measurement scene of the 3D sensor either via the analy-
s1s of the geometrical arrangement of the reference marks not
coded per se or with the help of the reference marks coded per

se, which enables a simpler and more reliable identification.

A check 1s made after the first measurement as to which
reference probe or which reference probes was or were
respectively detected beside the object 1n the respective shot,
and indeed by the evaluation of the reference marks coded per
s¢ and/or by the evaluation or analysis of the geometrical
arrangement of the reference marks not coded per se. The
respective 3D point list 1s subsequently transformed 1nto the
coordinate system of the first measurement. Each further
measurement can now be transformed into this coordinate
system provided that reference marks of an already trans-
tormed reference probe are detected. A check 1s made after
every measurement whether further, previously still not
detected reference marks and/or reference probes were mea-
sured. They are then optionally transformed 1nto the measure-
ment scene. To increase the precision, the complete associa-
tion of all measured object sections, that 1s, the complete
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association of all shots, can be mutually balanced together
with the detected reference probes and/or reference marks via
a 3D matching process.

It 1s possible by the attachment of reference marks to all
sides of the reference probes, that 1s, also on their rear sides,
to measure the front side and the rear side of an object 1n a
common coordinate system.

After completion of the measurement at the object and of
the thus present combined and mutually aligned point list of
all reference probes and of their reference marks, 1t 1s possible
already to upload the complete list of the reference probes
and/or reference marks already at the start of the measure-
ment sequence completely for repeat measurements at further
objects of the same type and to save the transformation pro-
cedure of the individual reference probes and/or of the refer-
ence marks 1n the repeat measurements. This requires that the
location of the reference probes has not been changed for the
repeat measurement.

The mvention claimed 1s:

1. A method for the determination of the 3D coordinates of
an object, comprising the steps of:

surrounding the object by a plurality of reference probes

having coded reference marks, the reference probes
being unconnected the object; and

taking a plurality of shots of the object such that a part of

the object and a part of a reference probe are 1n each case
included thereon; and

determining the 3D coordinates of the object based on

reference marks included in at least one of the plurality
of shots.

2. A method 1n accordance with claim 1, wherein some or
all of the reference probes are longer than the measurement
field of the 3D sensor.

3. A method 1n accordance with claim 1, wherein some or
all of the reference probes are of bar shape.

4. A method in accordance with claim 1, wherein shots
which include at least an end of a reference probe, include at
least an end of a further reference probe.

5. A method 1n accordance with claim 1, wherein the ref-
erence marks are automatically decoded.

10

15

20

25

30

35

8

6. A method 1in accordance with claim 1, wherein some or
all of the shots are linked to one another by a 3D matching
Process.

7. A method 1n accordance with claim 1, wherein coded
reference marks are also provided on the rear sides of some or
all of the reference probes.

8. A method in accordance with claim 1, wherein the posi-
tions of the reference marks are detected and saved 1n a first
measurement run.

9. A method 1n accordance with claim 1, wherein further
measurement runs are carried out on the basis of stored posi-
tions of the reference marks.

10. A method 1n accordance with claim 2, wherein some or
all of the reference probes are of bar shape.

11. A method 1n accordance with claim 10, wherein shots
which include at least an end of a reference probe, include at
least an end of a further reference probe.

12. A method 1n accordance with claim 2, wherein shots
which include at least an end of a reference probe, include at
least an end of a further reference probe.

13. A method 1n accordance with claim 3, wherein shots
which include at least an end of a reference probe, include at
least an end of a further reference probe.

14. A method 1n accordance with claim 13, wherein the
reference marks are automatically decoded.

15. A method 1n accordance with claim 12, wherein the
reference marks are automatically decoded.

16. A method 1n accordance with claim 11, wherein the
reference marks are automatically decoded.

17. A method 1n accordance with claim 10, wherein the
reference marks are automatically decoded.

18. A method in accordance with claim 4, wherein the

reference marks are automatically decoded.

19. A method 1n accordance with claim 3, wherein the
reference marks are automatically decoded.

20. A method 1n accordance with claim 2, wherein the
reference marks are automatically decoded.
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